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Appendix 1 – Composition of the Ototoxicity Clinical Practice Guideline Panel 

Name Country Profession Discipline 

Penelope Brock UK Physician Oncologist 

Sandra Cabral Canada CPG Assistant  

Kay Chang US Physician Otolaryngology 

Lee Dupuis Canada Pharmacist Oncology, HSCT 

Sidnei Epelman Brazil Physician Oncologist 

David Freyer US Physician Oncology  

Kristin Knight US Audiologist Audiology 

Denise Mills Canada Nurse Practitioner Oncology  

Bob Phillips UK Physician Oncology 

Emma Potter UK Clinical Nurse Specialist Oncology 

Demie Risby  UK Patient Representative  

Paula Robinson Canada Physician Guideline Methodologist 

Philippa Simpkin UK Parent Representative  

Michael Sullivan Australia Physician Oncology 

Lillian Sung Canada Physician Oncology 

 

Abbreviation: CPG – clinical practice guideline; UK – United Kingdom; US – United States  
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Appendix 2 – Conflicts of Interest 

Panel Member Conflicts 
Declared 

Details 

Penelope Brock Yes Personal fees from Fennec Pharma, outside the 
submitted work. 

Sandra Cabral None  
Kay Chang Yes Received financial support from Otonomy for travel 

expenses to attend event to discuss details of a multi-
institutional trial of OTO 104 as possible otoprotectant 
against cisplatin. 

Lee Dupuis None  
Sidnei Epelman  None  
David Freyer Yes Financial relationships with: 

Otonomy - research support paid to hospital for site 
participation in clinical trial of intra-tympanic agent to 
prevent cisplatin-induced hearing loss. 
 
Sensorion - consulting fees for content expertise for 
development of potential clinical trial of new oral agent 
for prevention of cisplatin-induced hearing loss. 

Kristin Knight None  
Denise Mills None  
Bob Phillips None  
Emma Potter None  
Demie Risby  None  
Paula Robinson None  
Philippa Simpkin None  
Michael Sullivan  Yes Was a principal investigator for a clinical trial: 

International vice chair of SIOPEL 6 randomized clinical 
trial of sodium thiosulfate in the treatment of standard 
risk hepatoblastoma 
 
Published commentary on ototoxicity: Sullivan, Cancer 
2011.; Co-author: Brock et al., SIOP Boston Ototoxicity 
Scale, JCO 2012 

Lillian Sung  None  
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Appendix 3 - Search Strategies 
 
MEDLINE 
 
OvidSP MEDLINE 1946 to April 2019 Week 5  

Set History 
1 ("oto-toxic*" or ototoxic*).ti,ab,kf.  
2 ear diseases/ or hearing loss/ or deafness/ or deaf-blind disorders/ or usher syndromes/ 

or wolfram syndrome/ or hearing loss, bilateral/ or hearing loss, conductive/ or hearing 
loss, functional/ or hearing loss, high-frequency/ or hearing loss, mixed conductive-
sensorineural/ or hearing loss, sensorineural/ or hearing loss, central/ or hearing loss, 
noise-induced/ or presbycusis/ or hearing loss, sudden/ or hearing loss, unilateral/ or 
hyperacusis/ or tinnitus/  

3 auditory perception/ or auditory threshold/ or auditory fatigue/ or loudness perception/ or 
perceptual masking/ or pitch perception/ or pitch discrimination/ or sound localization/ or 
speech perception/  

4 hearing tests/ or acoustic impedance tests/ or audiometry/ or audiometry, evoked 
response/ or audiometry, pure-tone/ or audiometry, speech/ or speech discrimination 
tests/ or speech reception threshold test/ or psychoacoustics/ or dichotic listening tests/ 
or recruitment detection, audiologic/  

5 (hearing adj2 loss).ti,ab,kf.  
6 (hearing adj2 (test or tests or testing or tested)).ti,ab,kf.  
7 (hearing adj2 problem*).ti,ab,kf.  
8 ((usher* or wolfram*) and syndrome*).ti,ab,kf.  
9 (hyperacusis or hyperacuses).ti,ab,kf.  
10 cochleotoxic*.ti,ab,kf.  
11 tinnitus.ti,ab,kf.  
12 (deafness or deaf).ti,ab,kf.  
13 (hearing adj2 impair*).ti,ab,kf.  
14 (hearing adj2 disorder*).ti,ab,kf.  
15 (loudness adj2 perception*).ti,ab,kw.  
16 (perceptual adj2 masking).ti,ab,kf.  
17 (pitch adj2 perception*).ti,ab,kf.  
18 (pitch adj2 discrimination).ti,ab,kf.  
19 ((sound adj2 localization*) or (sound adj2 localisation*)).ti,ab,kf.  
20 (speech adj2 perception*).ti,ab,kf.  
21 (speech adj2 discrimination).ti,ab,kf.  
22 (speech adj2 reception adj2 threshold*).ti,ab,kf.  
23 psychoacoustic*.ti,ab,kf.  
24 (audiometr* or audiogram*).ti,ab,kf.  
25 or/1-24 [***hearing terms****]  
26 Cisplatin/ or (Cisplatin* or abiplatin or biocisplatinum or "platinum diamminodichloride*" 

or dichlorodiammineplatinum or "cis diamminedichloroplatinum" or "cis platinum" or "cis-
diamminedichloroplatinum" or "cis-platinum" or CDDP or CACP or "cis-DDP" or "nsc-
119875" or nsc119875 or neoplatin or platidiam or platino or platinol).mp.  

27 25 and 26  
28 randomized controlled trial.pt.  
29 controlled clinical trial.pt.  
30 randomized.ab.  
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31 placebo.ab.   
32 drug therapy.fs.  
33 randomly.ab.  
34 trial.ab.  
35 groups.ab.  
36 or/28-35  
37 exp animals/ not humans.sh.  
38 36 not 37  
39 randomized controlled trial.pt.  
40 controlled clinical trial.pt.  
41 randomized.ab.  
42 placebo.ab.  
43 clinical trials as topic.sh.  
44 randomly.ab.  
45 trial.ti.  
46 or/39-45  
47 exp animals/ not humans.sh.  
48 46 not 47  
49 controlled clinical trials as topic/ or randomized controlled trials as topic/ or multicenter 

studies as topic/  
50 multicenter study.pt.  
51 or/49-50  
52 27 and 38  
53 27 and 48  
54 27 and 51  
55 limit 27 to systematic reviews  
56 or/53-55  

 

Medline-in-Process 

OvidSP Medline-in-Process to May 13, 2019 

Set History 
1 ("oto-toxic*" or ototoxic*).ti,ab,kf.  
2 ((ear adj2 disease*) or presbycusis).ti,ab,kf.  
3 (auditory adj2 (perception or threshold* or fatigue)).ti,ab,kf.  
4 (perceptual adj2 masking).ti,ab,kf.  
5 (hearing adj2 loss).ti,ab,kf.  
6 (hearing adj2 (test or tests or testing or tested)).ti,ab,kf.  
7 (hearing adj2 problem*).ti,ab,kf.  
8 ((usher* or wolfram*) and syndrome*).ti,ab,kf.  
9 (hyperacusis or hyperacuses).ti,ab,kf.  
10 cochleotoxic*.ti,ab,kf.  
11 tinnitus.ti,ab,kf.  
12 (deafness or deaf).ti,ab,kf.  
13 (hearing adj2 impair*).ti,ab,kf.  
14 (hearing adj2 disorder*).ti,ab,kf.  
15 (loudness adj2 perception*).ti,ab,kw.  
16 (perceptual adj2 masking).ti,ab,kf.  
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17 (pitch adj2 perception*).ti,ab,kf.  
18 (pitch adj2 discrimination).ti,ab,kf.  
19 ((sound adj2 localization*) or (sound adj2 localisation*)).ti,ab,kf.  
20 (speech adj2 perception*).ti,ab,kf.  
21 (speech adj2 discrimination).ti,ab,kf.  
22 (speech adj2 reception adj2 threshold*).ti,ab,kf.  
23 psychoacoustic*.ti,ab,kf.  
24 (audiometr* or audiogram*).ti,ab,kf.  
25 or/1-24  
26 (Cisplatin* or abiplatin or biocisplatinum or "platinum diamminodichloride*" or 

dichlorodiammineplatinum or "cis diamminedichloroplatinum" or "cis platinum" or "cis-
diamminedichloroplatinum" or "cis-platinum" or CDDP or CACP or "cis-DDP" or "nsc-
119875" or nsc119875 or neoplatin or platidiam or platino or platinol).mp.  

27 25 and 26 [****base clinical set****]  
28 "randomized controlled trial*".ti,ab,kf.  
29 "randomised controlled trial*".ti,ab,kf.  
30 "controlled clinical trial*".ti,ab,kf.  
31 ("multicenter stud" or "multicentre stud*" or "multicenter trial" or "multicentre 

trial*").ti,ab,kf.  
32 "systematic review*".ti,ab,kf.  
33 randomized.ab.  
34 placebo.ab.  
35 randomly.ab.  
36 trial.ti,ab.  
37 groups.ab.  
38 or/28-37  
39 27 and 38  
40 limit 27 to systematic reviews  
41 39 or 40  

 
Medline Epubs Ahead of Print 
 
OvidSP Medline Epubs Ahead of Print to May 13, 2019 

Set History 
1 ("oto-toxic*" or ototoxic*).ti,ab,kf.  
2 ((ear adj2 disease*) or presbycusis).ti,ab,kf.  
3 (auditory adj2 (perception or threshold* or fatigue)).ti,ab,kf.  
4 (perceptual adj2 masking).ti,ab,kf.  
5 (hearing adj2 loss).ti,ab,kf.  
6 (hearing adj2 (test or tests or testing or tested)).ti,ab,kf.  
7 (hearing adj2 problem*).ti,ab,kf.  
8 ((usher* or wolfram*) and syndrome*).ti,ab,kf.  
9 (hyperacusis or hyperacuses).ti,ab,kf.  
10 cochleotoxic*.ti,ab,kf.  
11 tinnitus.ti,ab,kf.  
12 (deafness or deaf).ti,ab,kf.  
13 (hearing adj2 impair*).ti,ab,kf.  
14 (hearing adj2 disorder*).ti,ab,kf.  
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15 (loudness adj2 perception*).ti,ab,kw.  
16 (perceptual adj2 masking).ti,ab,kf.  
17 (pitch adj2 perception*).ti,ab,kf.  
18 (pitch adj2 discrimination).ti,ab,kf.  
19 ((sound adj2 localization*) or (sound adj2 localisation*)).ti,ab,kf.  
20 (speech adj2 perception*).ti,ab,kf.  
21 (speech adj2 discrimination).ti,ab,kf.  
22 (speech adj2 reception adj2 threshold*).ti,ab,kf.  
23 psychoacoustic*.ti,ab,kf.  
24 (audiometr* or audiogram*).ti,ab,kf.  
25 or/1-24  
26 (Cisplatin* or abiplatin or biocisplatinum or "platinum diamminodichloride*" or 

dichlorodiammineplatinum or "cis diamminedichloroplatinum" or "cis platinum" or "cis-
diamminedichloroplatinum" or "cis-platinum" or CDDP or CACP or "cis-DDP" or "nsc-
119875" or nsc119875 or neoplatin or platidiam or platino or platinol).mp.  

27 25 and 26  
28 "randomized controlled trial*".ti,ab,kf.  
29 "randomised controlled trial*".ti,ab,kf.  
30 "controlled clinical trial*".ti,ab,kf.  
31 ("multicenter stud" or "multicentre stud*" or "multicenter trial" or "multicentre 

trial*").ti,ab,kf.  
32 "systematic review*".ti,ab,kf.  
33 randomized.ab.  
34 placebo.ab.  
35 randomly.ab.  
36 trial.ti,ab.  
37 groups.ab.  
38 or/28-37  
39 27 and 38  
40 limit 27 to systematic reviews  
41 39 or 40  

 
EMBASE  
 
OvidSP Embase 1947 to May 13, 2019 

Set History 
1 ototoxicity/  
2 ("oto-toxic*" or ototoxic*).ti,ab,kw.  
3 hearing impairment/ or bilateral hearing loss/ or branchiootorenal syndrome/ or exp 

conduction deafness/ or exp congenital deafness/ or deafblindness/ or functional 
hearing loss/ or high frequency hearing loss/ or mixed hearing loss/ or monaural 
hearing/ or morquio syndrome/ or norrie disease/ or partial hearing loss/ or exp 
perception deafness/ or presbyacusis/ or sudden deafness/ or unilateral hearing loss/  

4 hearing/ or auditory discrimination/ or auditory threshold/ or auditory threshold shift/ or 
binaural hearing/ or directional hearing/ or hearing acuity/  

5 hearing/ or binaural hearing/ or directional hearing/ or hearing acuity/  
6 hearing test/ or auditory system examination/ or audiometry/ or audiography/ or evoked 

response audiometry/ or impedance audiometry/ or pure tone audiometry/ or speech 
audiometry/ or auditory screening/ or dichotic listening/  
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7 speech perception/  
8 hearing disorder/ or hyperacusis/ or loudness recruitment/ or tinnitus/  
9 exp hypoacusis/  
10 ear injury/ or cochlea injury/ or inner ear disease/ or meniere disease/ or perception 

deafness/ or central hearing loss/ or inner ear hearing loss/ or usher syndrome/ or 
wolfram syndrome/  

11 auditory perception/ or auditory threshold/ or auditory fatigue/ or loudness perception/ or 
perceptual masking/ or pitch perception/ or pitch discrimination/ or sound localization/ or 
speech perception/  

12 hearing test/ or auditory system examination/ or audiometry/ or audiography/ or evoked 
response audiometry/ or impedance audiometry/ or pure tone audiometry/ or speech 
audiometry/ or auditory screening/ or dichotic listening/  

13 (hearing adj2 loss).ti,ab,kw.  
14 (hearing adj2 (test or tests or testing or tested)).ti,ab,kw.  
15 (hearing adj2 problem*).ti,ab,kw.  
16 ((usher* or wolfram*) and syndrome*).ti,ab,kw.  
17 loudness recruitment/  
18 (hyperacusis or hyperacuses).ti,ab,kw.  
19 cochleotoxic*.ti,ab,kw.  
20 tinnitus.ti,ab,kw.  
21 (deafness or deaf).ti,ab,kw.  
22 (hearing adj2 impair*).ti,ab,kw.  
23 (hearing adj2 disorder*).ti,ab,kw.  
24 (loudness adj2 perception*).ti,ab,kw.  
25 (perceptual adj2 masking).ti,ab,kw.  
26 (pitch adj2 perception*).ti,ab,kw.  
27 (pitch adj2 discrimination).ti,ab,kw.  
28 sound detection/  
29 ((sound adj2 localization*) or (sound adj2 localisation*)).ti,ab,kw.  
30 (speech adj2 perception*).ti,ab,kw.  
31 (speech adj2 discrimination).ti,ab,kw.  
32 (speech adj2 reception adj2 threshold*).ti,ab,kw.  
33 psychoacoustic*.ti,ab,kw.  
34 exp audiology/  
35 exp audiometry/  
36 (audiometr* or audiogram*).ti,ab,kw.  
37 or/1-36  
38 Cisplatin Derivative/ or Cisplatin/ or (Cisplatin* or abiplatin or biocisplatinum or "platinum 

diamminodichloride*" or dichlorodiammineplatinum or "cis diamminedichloroplatinum" or 
"cis platinum" or "cis-diamminedichloroplatinum" or "cis-platinum" or CDDP or CACP or 
"cis-DDP" or "nsc-119875" or nsc119875 or neoplatin or platidiam or platino or 
platinol).mp.  

39 37 and 38  
40 limit 39 to (randomized controlled trial or controlled clinical trial or multicenter study)  
41 randomized controlled trial/  
42 double-blind procedure/  
43 single-blind procedure/  
44 crossover-procedure/  
45 random*.ti,ab,kw.  
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46 placebo.ti,ab,kw.  
47 factorial*.ti,ab,kw.  
48 crossover*.ti,ab,kw.  
49 "cross over".ti,ab,kw.  
50 "cross-over*".ti,ab,kw.  
51 trial.ab.  
52 groups.ab.  
53 (doubl* adj5 blind*).ti,ab,kw.  
54 (singl* adj5 blind*).ti,ab,kw.  
55 assign*.ti,ab,kw.  
56 allocat*.ti,ab,kw.  
57 volunteer*.ti,ab,kw.  
58 controlled clinical trials as topic/ or randomized controlled trials as topic/ or multicenter 

studies as topic/  
59 or/41-58  
60 40 or (39 and 59)  
61 limit 60 to human  
62 limit 60 to animals  
63 60 not (61 or 62)  
64 61 or 63  
65 limit 64 to conference abstract  
66 64 not 65  
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Appendix 4 - Characteristics of Included Randomized Trials by Intervention Group (N=27)* 
 

Author Year 
Pub Intervention Group Control Group Country Age 

Group 
Age 

Range in 
Years 

Treatment 
Group 

Cancer 
Diagnosis  

Unit of 
Randomization 

No. 
Randomized 

Oto-
toxicity 
Scale 

Amifostine  
Katzenstein1 2009 Amifostine No treatment US Children 0 to 11 Both Hepatoblastoma Patient 289 Brock 
Gallegos-
Castorena2 2007 Amifostine No treatment Mexico Children 7 to 15 Both Osteosarcoma Patient 28 WHO 

Rick3 
2001 Amifostine No treatment Germany Adult 19 to 53 NR 

Relapsed or 
refractory germ 

cell tumors 
Patient 40 WHO 

Planting4 1999 Amifostine No treatment Europe Adult 35 to 69 Both Head and neck 
cancers Patient 74 WHO 

Kemp5 1996 Amifostine No treatment International Adult 21 to 78 Both Ovarian cancer Patient 242 Unique 
Sodium Diethyldithiocarbamate  
Gandara6 1995 Sodium 

diethyldithiocarbamate Placebo US Adult 22 to 78 Both >1 type Patient 195 CTCAE 

Verma7 1990 Disulfiram No treatment Canada Adult NR Both >1 type Patient 53 ECOG 
Paredes8 

1988 Sodium 
diethyldithiocarbamate No treatment US Adult 27 to 81 Both 

Squamous cell 
carcinoma of 

head and neck  
Patient 60 WHO 

Sodium Thiosulfate  
Brock9 2018 Sodium thiosulfate No treatment International Children 0 to 8.2 Non-

Metastatic Hepatoblastoma Patient 109 Brock 

Freyer10 2017 Sodium thiosulfate No treatment US and 
Canada Children 1 to 18 Both >1 type Patient 125 ASHA 

Other Systemic  
Fox11 2018 Pantoprazole No treatment US Children 5.6 to 19 Both Osteosarcoma Patient 12 NR 
Crabb12 2017 Aspirin and 

omeprazole Placebo UK Adult 24 to 79 NR >1 type Patient 94 CTCAE 

Villani13 2016 Vitamin E Placebo Italy Adult NR NR Solid tumors Patient 108 NR 
Dias14 2015 Ginko biloba extract Placebo Brazil Adult 24 to 69 NR >1 type Patient 15 NR 
Yildrim15 2010 N-acetylcysteine No treatment Turkey Adult 29 to 71 NR Solid tumors Patient 36 NR 
Weijl16 2004 Vitamin C, vitamin E 

and selenium Placebo Netherlands Adult 16 to 69 NR >1 type Patient 50 NR 

Schmidinger17 2000 Glutathione Other Austria Adult 35 to 73 Both >1 type Patient 20 NR 
Grau18 1996 Calcium gluconate No treatment Spain Adult 16 to 73 NR >1 type Patient 22 NR 
Somlo19 1995 Low-dose dopamine 

infusion Placebo US Adult 30 to 54 Both >1 type Patient 42 NR 

Intratympanic N-acetylcysteine  
Sarafraz20 2018 N-acetylcysteine Dexamethasone Iran Both 6 to 60 NR >1 type Ear 120 NR 
Yoo21 2014 N-acetylcysteine No treatment Canada Adult 29 to 68 Both Head and neck 

cancers Ear 22 NR 

Riga22 2013 N-acetylcysteine No treatment Greece Adult 16 to 77 Both >1 type Ear 48 ASHA 
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Author Year 
Pub Intervention Group Control Group Country Age 

Group 
Age 

Range in 
Years 

Treatment 
Group 

Cancer 
Diagnosis  

Unit of 
Randomization 

No. 
Randomized 

Oto-
toxicity 
Scale 

Intratympanic Dexamethasone  
Nasr23 2018 Dexamethasone No treatment Egypt Adult 40 to 65 NR Not stated Ear 40 NR 
Sarafraz20 2018 Dexamethasone N-acetylcysteine Iran Both 6 to 60 NR >1 type Ear 120 NR 
Marshak24 2014 Dexamethasone No treatment Israel Adult 38 to 80 NR Not stated Ear 52 ASHA 

 
Intratympanic Sodium Thiosulfate  
Rolland25 

2019 Sodium thiosulfate No treatment Canada Adult NR Both 
Squamous cell 
carcinoma of 

mouth 
Ear 26 ASHA 

 

Cisplatin Infusion Duration  
Coze26 1997 Cisplatin continuous 

infusion 
Cisplatin bolus 

infusion France Children 1 to 14.6 Metastatic Neuroblastoma Patient 91 Brock 

Forastiere27 
1988 Cisplatin continuous 

infusion 
Cisplatin bolus 

infusion US Adult NR Both 
Squamous cell 
carcinoma of 

head and neck 
Patient 11 Unique 

 
Abbreviations: Pub – published; No. – number; US – United States; UK  United Kingdom; NR – not reported; WHO – World Health Organization; CTCAE – Common Terminology 
Criteria for Adverse Events; ECOG – Eastern Co-operative Oncology Group; ASHA – American Speech-Language-Hearing Association  
* There were 27 studies included. One study compared intratympanic N-acetylcysteine vs. intratympanic dexamethsone and is thus represented in two sections 

https://www.asha.org/
https://www.asha.org/
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